This paper describes a new approach to synthesize cylindrical antenna arrays controlled by the phase excitation, to synthesize directive lobe and multilobe patterns with steered zero. The proposed method is based on iterative minimization of a function that incorporates constraints imposed in each direction. An 8-element cylindrical antenna has been simulated and tested for various types of beam configurations.
Introduction
The utilization of conformal antennas finds its interest, when the antenna is placed on nonplanar support [1] o r when we desire to form specific lobes, which benefit from the geometry of array; the desired beam pattern can vary widely depending on the application. There are directional antennas with low level side lobes or with high gain [2, 3] , and antennas with cosecant lobe [4] o rd o u b l ep e n c i l beam [5] . Most of synthesis methods use complex excitation (amplitudes and phases) [6] ; it allows better control of the quality of beam shape or sidelobe level. Some applications propose a phase adjustment in order to take into account coupling between elements [7] . Interferences can be rejected by placing nulls in theirs directions; in [8] the authors presents phase control methods for null steering with a broadside beam arrays.
In a linear phased array antenna, the beam can usually not be steered more than about 60
• -70
• from the normal of the array [9] . The limitation is due to beam broadening (reducing directivity) and element impedance variations due to mutual coupling, resulting in increased mismatch at large scanning angles.
The developed method that we use is an extension of minimax method applied for the linear arrays [10] , and it will be applied for cylindrical antenna arrays synthesis.
As conformal array, the cylinder has a potential of 360
• coverage. Today, the common solution is three separate antennas, each covering a 120
• sector [6] . In our work, we propose a general approach only by phase adjustment, to synthesize steered beam and multibeam with steered zero using cylindrical antenna arrays. The idea of our work is based on tangential linearization by application of Taylor formula. The equation system formed by the radiated fields is calculated for all directions in space, and then we minimize the deviation of this system compared to amplitude of desired one. Optimization is performed with a minimax criterion. Specifications on the desired beam such as the maximum and minimum sidelobe level and the null depth level are considered by introducing a set of weighting factors in the function constructed for the minimax algorithm. With this formulation we are able to steer beams and nulls at the direction of interest and at the same time keep the average sidelobe level at its minimum.
Synthesis Problem Formulation
The radiation field of cylindrical array (Figure 1 ) is expressed as where (i) I n e jβn is the complex excitation for the element n; (ii) ϕ n is the angular position of the element n; (iii) E 0 is the elementary field.
For conformal arrays, the element pattern plays an important role in the array pattern, because each element is facing a different direction. Therefore, the element pattern expression has a different value in each summand of (1) .
The desired field is defined in amplitude throughout template (Figure 2 ), that indicates the direction and shape of the main lobes, the position, and the width of zero.
The optimization problem under consideration consists to minimize the error function: ( 2 ) where
.., M (M is the number of the sampled angular directions).
ERR j is the deviation of an actual calculated field (1) E c (β, θj), from a desired one E d (θ j ):
ω j is a weighting factor in the direction θ j ;itcanbeadjusted to control the beam in all direction, especially to create a deep zeros in the directions of interference sources. At the kth stage of the minimization algorithm we solve a linearized system in minimax criterion:
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δ k is automatically adjusted during the process to find the inequality:
The subproblem (5) is solved by a standard linear programming routine [11] , that is, found very efficie ntf o rthistype of problem. The convergence of the method is ensured by adjusting the value of δk at each iteration, so the point x k+1 = x k + h k will be good if the decrease in the function ERR(β) exceeds a small multiple of the decrease predicted by the linear approximation. Otherwise the linear approximation is insufficient, and the value of δ k+1 will be reduced. The iteration is stopped if one of the following criteria is met:
(1) the maximum of error function is below a certain value;
(2) the maximum of h k is very small compared to β.
The Used Patch Element
The used antenna element is a square patch element. The s u b s t r a t ei sm a d ef r o mP T F ET e fl o n( ε r = 2.55, h = 0.76 mm). The patch element is represented in Figure 3 . The measurement of the reflection coefficient shows a satisfied adaptation at the operating frequency of 2.45 GHz (Figure 4(a) ). The measured radiation pattern (H plane) (Figure 4(b) ) is used directly in the calculation of the radiated field of the array. The field E 0 in (1) is adjusted for each element according to the desired spatial direction (θ).
Simulation and Measurement Results
The geometric of considered cylindrical antenna is represented in Figures 5(a) and 5(b) ,w i t hr a d i u sR = 41 cm. 8 patch elements are distributed with equal spacing along the arc (the scanning angle is determined between (θ min = −60
• ,element,andθ max = 180
• ). In this case the theoretical maximum range, which could be scanned, is theoretically about 240
• . In our study we consider three types of lobes:
(1) antenna with steered lobe, (2) antenna with two lobes, (3) antenna with lobe and null.
The weighting factors give this technique greater flexibility to control the desired lobe, and they are automatically adjusted to find the best results (e.g., ω j = 1 in the region of main lobe and ω j = 10 in region of side lobe and 50 in the region of null). The synthesized array patterns have been carried out to illustrate this method's capabilities. Ta b l e 1 shows the result of synthesis phase excitation for steering one lobe at 2 different angles. Also this technique is able to compute the phases for multibeam arrays for 2 lobes. Ta b l e 2 shows the simulation results for multibeam steering lobes in two desired directions (firstat20
• and 80
• , the second one at 30
• and 100
• and its patterns in Figures 7(a) and 7(b) ).
Ta b l e 3 shows the simulation results for steering one lobe and null.
We can observe from patterns, that this technique is very efficient for different cases of steered main lobe and imposed null in the direction of interference (Figures 8(a)  and 8(b) ).
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Conclusion
In conclusion, we have described an iterative technique, which is able to compute the desired pattern for cylindrical antenna arrays by modifying only the phase excitations. The technique has shown its ability to generate reasonable results in all checked cases. This algorithm holds not only for the examples presented above, but also appears to be general for all cases of synthesized desired characteristics of steered beams.
